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(54) Cellular system architectures supporting data services 



(57) Four stages of digital cellular architecture are 
presented which reuse much of the existing voice infra- 
structure while allowing graceful introduction of data and 
integrated voice/data services over industry standard, 
low cost platforms. First, a separate ATM-based infra- 
structure (46) is introduced that supports data services. 
A new data call control is introduced on industry stand- 



ard hardware platforms using object oriented and mod- 
ular programming. Second, ATM is introduced at radio 
ports (68) and call control functions are migrated to the 
new ATM-based call control platforms (72, 74). Third, 
vocoders (76) are introduced at the DCS. Fourth, the 
cellular functions of the legacy cellular switch (10) are 
phased out and replaced by the ATM-based target ar- 
chitecture. 
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Description 

Field of the Invention 

The present invention relates to a progression of 
cellular system architectures that allows voice and data 
traffic to be gradually migrated from the legacy circuit/ 
packet based digital cellular infrastructure to a target 
ATM-based cellular infrastructure. 

Background of the Invention 

Almost all the cellular mobile systems in existence 
today and those being deployed were designed with 
voice transport as the primary function. The air interface, 
the cellular switch, and the wireline infrastructure con- 
necting the base stations to the public switched network 
have all been optimized for voice transport. This is true 
for analog (AMPS) systems as well as new standards 
based digital systems such as TDM A (time-division mul- 
tiple access) and CDMA (code-division multiple ac- 
cess). TDMA systems are based, for example, on North 
American Telecommunications Industries Association 
(TIA) standard IS-54/136 or Global System for Mobile 
Communications (GSM), and CDMA systems are based 
on for example, TIA IS-95. 

In the IS-95 systems, the voice samples are varia- 
ble bit rate coded and transmitted over an air interface. 
Circuit or packet based transport is used between base 
station and cellular switch. At the cellular switch, a frame 
selector selects the best frame from among those re- 
ceived along multiple paths used during soft handoffs 
(when the connection is not in soft handoff mode, only 
one path exists between a mobile and the cellular 
switch, and the frame selector function is redundant). 
The frame selector forwards the selected frame to a voc- 
oder which converts the variable bit rate coded voice to 
fixed rate PCM coded voice to be carried over the public 
switched telephone network (PSTN). PSTN voice cir- 
cuits carry PCM coded voice at, for example, 64 Kbps 
(DSO). Corresponding inverse functions are performed 
in the opposite direction, PSTN-to-mobile. 

The air interface also carries signaling information 
in-band in the traffic channel and out-of-band over a 
control channel. In-band signaling information is sepa- 
rated from the voice packets at the frame selector. Out- 
of-band signaling information is carried over separate 
circuit or packet links between the base station and the 
cellular switch or the cellular call control (a separate 
processor that processes and acts on the signaling mes- 
sages). Besides the in-band signaling used for radio 
channel control and other real-time functions, and the 
out-of-band signaling used for call establishment, reg- 
istration, etc., cellular mobile systems also perform call 
processing, billing, authentication, mobility manage- 
ment, handoff management, routing and other higher 
layer functions (e.g., network management). 

Recently, data services have generated great inter- 



est and standards activities for cellular systems (e.g., 
TDMA IS-136, GSM, CDMA IS-99). In CDMA systems, 
data and voice may be integrated over the radio channel 
(air interface) with data being a secondary service shar- 

5 ing bandwidth with voice as the primary, variable bit rate 
coded voice samples allow idle space in the physical 
layer slots (e.g., IS-95 physical bursts 20 ms long) and 
data can use this idle space as and when available. Be- 
sides this integrated mode, a data-only service is avail- 

10 able in CDMA systems. Here, data is the primary traffic 
with only in-band signaling as secondary traffic. 

Many functions in the cellular infrastructure (e.g., 
billing, authentication, routing, network management) 
are similar for both voice and data services and can thus 

15 be provided efficiently using common platforms. On the 
other hand, data services represent some fundamental 
departures from the traditional infrastructure designed 
for voice. For example, the vocoder function, typically 
tightly coupled with the frame selector, is not needed for 

20 data. Also, data may be carried over either the circuit- 
switched PSTN or over a public switched packet data 
network (PSPDN). 

Moreover, since the air interface environment is 
hostile and results in larger error rates than from wireline 

25 infrastructure, link layer recovery is performed between 
the mobile and the interworking function. This allows the 
cellular infrastructure to appear like a wireline link in 
end-to-end connections. In CDMA systems, the link lay- 
er recovery is performed using TCP/IP protocol. Addi- 

30 tionally, a radio link protocol (RLP) is used between the 
mobile and the cellular switch. By retransmitting only 
physical layer data frames in error RLP provides a high 
bandwidth efficiency. These recovery protocols, howev- 
er, cannot be used for highly interactive voice services 

35 because of the delay introduced (e.g., due to retrans- 
missions). 

Commonality of many functions, significant differ- 
ences in key aspects of transport, and extensive em- 
bedded infrastructure optimized for voice create chal- 

40 lenges when data needs to be carried over the same air 
interface as voice. The challenges relate to defining a 
long term target infrastructure for carrying CDMA data 
and voice, a short term solution leveraging the existing 
infrastructure, and defining intermediate system archi- 

45 tectures for providing a smooth and cost effective mi- 
gration from the current architecture to the long term tar- 
get. 

Figure 1 shows a schematic of the current network 
architecture used for digital cellular. In particular, this ar- 

50 chrtecture is used for CDMA, but the TDMA architecture 
is essentially simitar. Base stations 1 2 are connected to 
a cellular switch 10 via circuit or packet links 32. Termi- 
nal devices (not shown) such as telephone handsets, 
personal communicators and other mobile units com- 

55 municate with the base stations 1 2 over an air interface. 
The cellular switch 10 (e.g., AT&T's 5ESS) has a 
standard digital switching fabric 14, 22 under control of 
processor 24. As is well understood in the art, logically 
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separate switching functions 14, 22 are typically imple- 
mented on common hardware. The cellular switch 10 
also incorporates the additional functions of frame se- 
lector 16, separator and combiner 18, and vocoder 20. 
The vocoder function 20 is required for transcoding of 
standard 64 kbps PCM voice, widely used in today's 
PSTN, to variable bit rate LPC (linear predictive coded) 
or other packetized voice transmitted over the digital cel- 
lular radio links 32. The frame selector 16 is CDMA spe- 
cific. The frame selector 16 is used to select the best 
packet of the ones received from multiple legs 32 during 
soft handoff, and also to multicast a packet to multiple 
base stations 1 2 during soft handoff. The separator and 
combiner functions 1 8 are needed to form the air inter- 
face packet by merging the coded voice octets with the 
signaling. In-band signaling control and processing 
(from/to the mobile) is performed by the in-band signal- 
ing function 26. 

In CDMA, air interface packet formats are designed 
to accommodate primary and secondary traffic, as well 
as signaling. In initial deployments, voice will be primary 
traffic and will share the bandwidth with signaling. No 
secondary traffic will be carried and so this system, as 
depicted in Figure 1 , will be voice-only. 

Cellular control functions include call control, loca- 
tion management, authentication, and billing. As in the 
analog cellular networks of today, these cellular control 
functions are distributed between the base stations and 
the MTSO (Mobile Telephone Switching Office) or MSC 
(Mobile Switching Center). For example, these func- 
tions could be resident in the cellular switch 10 or, as 
shown in Figure 1, resident in a separate cellular call 
control processor complex 28. The call control proces- 
sor complex 28 communicates with the call controllers 
in the PSTN and other cellular networks over signaling 
links 30 which may be the SS7 network or as specified 
in Tl A IS-41 . Signaling links 34 to the cellular switch 1 0 
and signalling links 36 to the base stations (implement- 
ing for example X.25) are used to establish connections 
for calls and in general for system control. The signalling 
links typically use packet protocols over dedicated cir- 
cuits, whereas the user data links 32 may be circuit- 
switched or packet-switched. In the current AT&T archi- 
tecture, for example, the links 32 are called "packet 
pipes" which carry a version of Frame Relay protocol. 
See U.S. Patent 5,195,090 entitled "Wireless Access 
Telephone-to-Telephone Network Interface Architec- 
ture". This protocol terminates on packet handlers (not 
shown) in the cellular switch 10, which extract the 
frames and send them to the frame selector 16 over a 
packet bus. 

Figure 2 shows how data services have been intro- 
duced into the voice-only architecture of Figure 1. Using 
a vocoder by-pass, the data bytes extracted from the 
integrated IS-95 slots are sent to a radio link protocol 
(RLP) 42. The RLP software performs link layer recov- 
ery. A frame relay packet handler (not shown) connects 
the RLP 42 to the interworking functions (I WF) 38, 40. 



The IWFs 38, 40 implement TCP and manage connec- 
tivity to the PSTN and PSPDN. Thus a circuit-mode data 
call consists of two links, a cellular link between the mo- 
bile terminal and the circuit-mode IWF, and a land-line 
5 link from the land-line modem over the PSTN, to a mo- 
dem in the modem pool (circuit-mode IWF). The circuit- 
mode IWF is just a modem pool which communicates 
with the call control for circuit-mode data call establish- 
ment and tear-down. In addition, the packet-mode IWF 
^0 38 handles routing, billing, authentication, and mobility 
management. For circuit data all these functions are 
provided by the cellular call control processor 28. The 
IWFs 38, 40 communicate with the call control proces- 
sor 28 by, for example, SS7 signaling links 44. 

Since CDMA air interface packet formats are de- 
fined to carry primary and secondary traffic and signal- 
ing within the same packet, the vocoder 20 and the RLP 
42 must both reside with the separator and combiner 
18. The interfaces (not shown) with the IWFs 38, 40 for 
circuit-mode and packet-mode data services may also 
reside within the cellular switch 10. 

While providing a quick solution for the introduction 
of data services, this approach suffers from many prob- 
lems including nontrivial effort in effecting vocoder by- 
pass in the legacy hardware, mix of circuit and packet 
transport, and inflexible hardware and software technol- 
ogy. Collectively, these problems add significantly to the 
time-to-market for new features, to the capital cost for 
growth, and to the operational complexity and cost, and 
limit the flexibility with which future services (e.g., higher 
speed data, multi-media, etc.) can be added. 

Summary of the Invention 

In the present invention, data services, ATM-based 
transport and switching, and object-oriented modular 
programming on industry standard hardware platforms 
are gradually introduced into the legacy digital cellular 
architecture while reusing much of the existing voice in- 
frastructure. Such introduction preferably occurs in four 
stages, though it is recognized that different service pro- 
viders might progress through the four stages at differ- 
ent rates or even bypass certain stages entirely. 

The first stage cellular communication system ar- 
chitecture includes: a plurality of base stations that com- 
municate over an air interface with a plurality of terminal 
devices; a cellular switch having circuit-switching fabric 
and vocoders, where said base stations are connected 
to said circuit-switching fabric by first communications 
links, and where said circuit-switching fabric is also con- 
nected to a public switched telephone network (PSTN) ; 
a cellular call control processor, associated with said 
cellular switch, that handles a voice call routed through 
said cellular switch; a data DCS having ATM fabric and 
radio link protocol processors, where said circuit-switch- 
ing fabric is connected to said ATM fabric by a second 
communications link via a converter that converts be- 
tween the transmission format of said first communica- 
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tions links and ATM; a data call control processor, asso- 
ciated with said data DCS, that handles a data call rout- 
ed through said data DCS and said cellular switch; and 
a network interworking module that interfaces said data 
DCS to a communications network. 

Voice calls are set-up by said cellular call control 
processor so that a voice communication path is estab- 
lished from one of said terminal devices to said PSTN. 
A voice communication path includes said air interface, 
one or more of said base stations and first communica- 
tions links, said circuit-switching fabric, and one of said 
vocoders. 

Data calls are set-up by said cellular call control 
processor and said data call control processor so that a 
data communication path is established from one of said 
terminal devices to said communications network. A da- 
ta communication path includes said air interface and 
one or more of said base stations and first communica- 
tions links, said circuit-switching fabric, said converter, 
said ATM fabric, one of said radio link protocol proces- 
sors, and said network interworking module. 

The second stage cellular communication system 
architecture includes: a plurality of base stations and ra- 
dio ports that communicate over an air interface with a 
plurality of terminal devices, where said radio ports have 
ATM interfaces; a cellular switch having circuit-switch- 
ing fabric and vocoders, where said base stations are 
connected to said circuit-switching fabric by first com- 
munications links, and where said circuit-switching fab- 
ric is also connected to a public switched telephone net- 
work (PSTN); a cellular call control processor, associat- 
ed with said cellular switch, that handles a voice call 
routed through said cellular switch; a DCS having ATM 
fabric and radio link protocol processors, where said cir- 
cuit switching fabric is connected to said ATM fabric by 
a second communications link via a converter that con- 
verts between the transmission format of said first com- 
munications links and ATM, and where said ATM fabric 
is connected to said radio ports by ATM virtual links; one 
or more standard hardware platforms implementing 
ATM transport that perform a plurality of call control 
functions including the handling of data calls from/to 
said base stations and radio ports; and a network inter- 
working module that interfaces said DCS to a commu- 
nications network. 

Voice calls are set-up by said cellular call control 
processor so that a voice communication path is estab- 
lished from one of said terminal devices to said PSTN. 
A voice communication path includes said air interface, 
one or more of said base stations and first communica- 
tions links, said circuit-switching fabric, and one of said 
vocoders. 

Data calls are set-up by said plurality of functions 
implemented on said standard hardware platforms that 
are interfaced to a signaling network by said cellular call 
control processor, so that a data communication path is 
established from one of said terminal devices to said 
communications network. 



A data communication path involving a base station 
includes said air interface and one or more of said base 
stations and first communications links, said circuit- 
switching fabric, said converter, said ATM fabric, one of 

5 said radio I in k protocol processors, and said network in- 
terworking module. On the other hand, a data commu- 
nication path involving a radio port includes said air in- 
terface and one or more of said radio ports and ATM 
virtual links, said ATM fabric, one of said radio link pro- 

10 tocol processors, and said network interworking mod- 
ule. 

In a third stage architecture, vocoders are included 
in the DCS, and a voice communication path from a ter- 
minal device to the PSTN through the DCS includes the 

* 5 air interface and one or more of the radio ports and ATM 
virtual links, the ATM fabric, and one of the vocoders, 
whereby the DCS can process both voice and data calls. 

The fourth stage cellular communication system ar- 
chitecture includes: a plurality of radio ports that com- 

20 municate over an air interface with a plurality of terminal 
devices, where said radio ports have ATM interfaces; a 
cellular switch having circuit-switching fabric, where 
said cellular switch is connected to a public switched tel- 
ephone network (PSTN); a DCS having ATM fabric, ra- 

25 dk> link protocol processors, and vocoders, where said 
vocoders are connected to said PSTN, and where said 
ATM fabric is connected to said radio ports by ATM vir- 
tual links; one or more standard hardware platforms im- 
plementing ATM transport that perform a plurality of call 

30 control functions including the handling of voice and da- 
ta calls from/to said radio ports; and a network interwork- 
ing module that interfaces said DCS to a communica- 
tions network. 

Voice calls are set-up by said plurality of functions 

35 implemented on said standard hardware platforms, so 
that a voice communication path is established from 
said terminal device to said PSTN, including said air in- 
terface and one or more of said radio ports and ATM 
virtual links, said ATM fabric, and one of said vocoders. 

to Data calls are set-up by said plurality of functions imple- 
mented on said standard hardware platforms, so that a 
data communication path is established from said ter- 
minal device to said communications network, including 
said air interface and one or more of said radio ports 

45 and ATM virtual links, said ATM fabric, one of said radio 
protocol processors, and said network interworking 
module. 

Description of the Drawings 

so 

The invention will be described in greater detail be- 
low with reference to the attached drawings, of which: 

Figure 1 shows the current digital cellular architec- 
ture for a CDMA voice-only system. 
55 Figure 2 shows the current digital cellular architec- 
ture supporting a data service. 

Figure 3 shows the stage one digital cellular archi- 
tecture of the present invention which introduces an 
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ATM-based data DCS and distributed call processing. 

Figure 4 shows the stage two digital cellular archi- 
tecture of the present invention which introduces ATM- 
based radio ports and migrates control functions. 

Figure 5 shows the stage three digital cellular archi- 
tecture of the present invention which introduces voco- 
ders in the DCS. 

Figure 6 shows the stage four digital cellular archi- 
tecture of the present invention which is the ATM-based 
target architecture. 

Description of the Preferred Embodiment 

The present invention introduces four cellular sys- 
tem architectures which correspond to four stages of 
growth for the current digital cellular system architecture 
of Figure 1. The first stage introduces data services by 
way of a separate data DCS (digital cellular switch) that 
has an Asynchronous Transfer Mode (ATM) switching 
fabric. The call control processing functions are distrib- 
uted by providing a separate data call control processor 
for data calls. The second stage introduces ATM at the 
radio port and moves most of the call control functions 
on to standard hardware platforms connected by ATM 
transport and switching. The third stage adds vocoders 
to the DCS (now referred to as an "integrated" DCS) 
which allows the radio ports to handle voice calls. The 
fourth stage (i.e., the target architecture) removes cel- 
lular specific functions from the legacy cellular switch, 
eliminates altogether the legacy cellular call control 
processor, and utilizes minimal functionality radio ports. 
This target architecture is described in a commonly as- 
signed, co-pending U.S Patent Application Serial No. 
08/395,546 filed February 28, 1995 entitled "Handoff 
Management For Cellular Telephony" the disclosure of 
which is incorporated by reference herein. 

Referring to Figure 3 there is shown the stage one 
cellular architecture. The underlying assumption for this 
architecture is that voice and data calls are kept sepa- 
rate. No joint voice-data calls would be carried during 
this stage of system development. The handling of voice 
calls by base stations 12, cellular switch 10, and call 
control processor 28 is the same as in the current archi- 
tecture. Data calls however are handled by the introduc- 
tion of an ATM-based adjunct called a data DCS 46 and 
by a separate data call control processor 48. 

The data DCS 46 has a structure similar to the data 
path shown in Figure 2, though the DCS 46 switching 
fabric 50, 58 is ATM-based and controlled by ATM 
switching fabric control 51 . The data DCS 46 has a data 
path which includes a frame selector 52, a separator/ 
combiner 54, and a RLP 56. In-band signaling control is 
provided by processor 60. A packet-mode I WF 62 pro- 
vides data access to the PSPDN and a circuit-mode I WF 
64 provides data access to the PSTN. These I WFs have 
the same functionality as IWFs 38 and 40 in Figure 2, 
except that the transport between IWFs and DCS is 
ATM. 



The existing call control processor 28 still provides 
authentication, paging and location management func- 
tions for the data calls. When a data call arrives at call 
control processor 28, it is forwarded to the data call con- 

s trol processor 48 for further handling. The data call con- 
trol functions include connection control, billing, and sig- 
naling conversion (e.g., between SS7 and ATM stand- 
ards such as Q.2931). 

The switching fabric 1 4 of cellular switch 1 0, directs 

10 data calls to the data DCS 46 by way of converter 66. 
DS0 cross-connects for data calls are semi-penmanent- 
ly assigned to a number of output ports of switch 1 4 for 
transport to the data DCS 46. Converter 66 converts ei- 
ther the packets from packet links 32 or from circuit links 

15 32 of the cellular network to ATM and vice-versa. 

The data call control 48, the IWFs 62, 64, the RLP 
56 and other data DCS 46 functions are all introduced 
on inexpensive modem hardware platforms (e.g., PCs, 
workstations) using standard networking (e.g., ATM 

20 transport and switching, TCP/IP). This ensures flexibility 
for the future, easy growth paths and technology expan- 
sion. Therefore, as described, the stage one architec- 
ture utilizes DS0 cross-connects to provide a data solu- 
tion on platforms outside the cellular switch. The cellular 

25 switch itself can provide DSO cross-connect facilities, 
however a cheaper alternative (and used by some cel- 
lular providers for modem pool connectivity) is to install 
an adjunct cross-connect platform (DACS). 

An example of voice and data call setups for the 

30 stage one architecture is as follows: 

Voice Call Setup 

1 . Call arrivals from the land side arrive at the call 
35 control processor 28 over SS7 links 30. After look- 
ing up location information, call control pages the 
mobile over all base stations 12 in a location area. 
Call arrivals from the mobile arrive from the base 
station via signaling links 36. 

40 2. Call Control authenticates the mobile (using the 
origination or pages response message or extend- 
ed authentication sequence). 

3. Call control assigns a circuit or packet link other 
for the call and informs switching fabric control 24 

45 at the cellular switch 1 0, and the connection control 
function at the base station 12. The connection is 
established by the switch and the base station. 

4. The switch completes the connection to the frame 
selector 16 and on to the PSTN. 

50 5. The base station establishes the air interface link 
with the mobile. 

Data Call Setup: Mobile Origination 

55 1 . Mobile originates call with a data service option. 

2. Call Control 28 authenticates the mobile (using 
the origination message or other extended authen- 
tication sequence). 
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3. Call Control assigns a circuit or packet link 32 
between base station and the ATM conversion de- 
vice 66, on a circuit cross-connected through the 
switching fabric 14. 

4. Call Control requests data call controller 48 to es- 
tablish the remaining segment to I WF. Data call con- 
troller assigns a frame selector/radio link protocol 
and other processing devices to the call, and sets 
up a virtual circuit link from ATM conversion device 
66 through ATM switching fabric 50 to the assigned 
frame selector. Data call controller also sets up the 
ATM virtual circuit link between the radio link proto- 
col/frame selector and the appropriate IWF. 

5. In the case of a circuit-mode call, the land-line 
dial string is received from the mobile and provided 
by the call control through the data call control to 
the circuit-mode IWF. The data call controller also 
assigns a modem from the circuit mode IWF (mo- 
dem pool) which dials out the number over the 
PSTN. For the latter dial-up purpose, the cellular 
switch 10 may be used as a generic PSTN switch. 

Data Call Setup: Land Origination Circuit-Mode 

1a. A special PSTN number is assigned to the cir- 
cuit-mode IWF (modem pool) 64. When a call re- 
quest arrives over the SS7 link 30 for the special 
modem pool number, call control 2B requests data 
call controller 48 to assign a modem from the circuit 
IWF 64. Call control assigns a PSTN circuit through 
the switching fabric 22 (or alternatively, through an- 
other switch in the PSTN) to the assigned modem. 
1 b. Once the modem connection is established, the 
land-line modem provides the mobile called party 
number to the modem at the modem pool. This 
number is provided to the data call controller. The 
data call controller requests call control to locate 
and page the mobile. After looking up mobile loca- 
tion information, call control pages mobile with cir- 
cuit data service option. 

2. Call control authenticates the mobile (using the 
page response message or other extended authen- 
tication sequence). 

3. On page response, call control assigns a circuit 
or packet link between base station and ATM con- 
version device 66. 

4. Call Control requests data call controller 48 to es- 
tablish the remaining segment to the circuit IWF. 
Data call controller assigns a frame selector/radio 
link protocol and other processing devices to the 
call, and sets up a virtual circuit link from ATM con- 
version device 66 through ATM switching fabric 50 
to the assigned frame selector. Data call controller 
also sets up the ATM virtual circuit link between the 
radio link protocol/frame selector and the circuit 
IWF. 



Data Call Setup: Land Origination Packet-Mode 

1 . Packet data arrives over PSPDN for a registered 
mobile. (If packet data arrives for a nonregistered 

s mobile, it is discarded). The packet IWF looks up 
registration information and maps the packet data 
routing address to the mobile called party number. 
This number is provided to the data call controller, 
which requests call control to locate and page the 

10 mobile. After looking up mobile location information, 
call control 28 pages mobile with packet data serv- 
ice option. 

2. Call control authenticates the mobile (using the 
page response message or other extended authon- 
tication sequence). 

3. On page response, call control assigns a circuit 
or packet link between base station and ATM con- 
version device 66. 

4. Call Control requests data call controller 48 to es- 
20 tablish the remaining segment to the packet IWF. 

Data call controller assigns a frame selector/radio 
link protocol and other processing devices to the 
call, and sets up a virtual circuit link from ATM con- 
version device 66 through ATM switching fabric 50 
25 to the assigned frame selector. Data call controller 
also sets up the ATM virtual circuit link between the 
radio link protocol/frame selector and the packet 
IWF. 

30 Prior to paging, the call control 28 must look up lo- 
cation information. In the stage one architecture this lo- 
cation information is stored in the call control processor 
28. In the stage two architecture (described subse- 
quently) this database is moved over to the new control 

35 complex 72. In addition, call control 28 in the stage one 
architecture authenticates the mobile prior to establish- 
ing base station to switch connections. In the stage two 
architecture this procedure is also handled in the new 
control complex 72. 

40 The stage two architecture is shown in Figure 4. 
While continuing to use packet or circuit links 32 to ex- 
isting base stations, at this stage new radio ports 68 with 
ATM interfaces are introduced. These radio ports 68 can 
connect into the previously introduced ATM-based data 

45 DCS network. Such connection may be directly to the 
data DCS 46 or via one or more intermediate ATM 
switches 70. Data calls over non-ATM base stations are 
still handled as in stage one through the data DCS via 
converter 66. 

50 Radio ports may provide the functionality of conven- 
tional base stations, such as radio resource manage- 
ment and connection control. However, at later stages 
of the system architecture, many of these functions can 
be moved out of the radio port and into the MSC or else- 

ss where in the ATM network, thereby having the radio port 
serve the minimal functionality of terminating the proto- 
col on the air interface. Thus allowing, for example, 
street post mounted low-cost radio ports where mainte- 
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nance intensive functions have been moved to the net- 
work backbone. 

In the stage two architecture, the radio ports 68 can 
only handle data calls and not voice-only or joint voice- 
data calls. User data traffic is carried between radio port 
68 and ATM switch 70 via ATM virtual links 73, and sig- 
naling information is carried via virtual circuit link 71 
(over the same facility). User data and signaling ATM 
virtual links 75 couple data DCS 46 to ATM switch 70 
which is controlled by, for example, ATM switching fabric 
control 80. The connection 77 between the legacy call 
control 28 and the signaling conversion function 79 may, 
for example, be by TCP/IP networking. During this stage 
of mixed ATM and packet (frame relay) or circuit net- 
working, it is necessary to provide packet/circuit to ATM 
conversion, as the mobile moves between ATM inter- 
faced radio ports 68 and packet or circuit interfaced 
base stations 12. 

As shown in Figure 4, most of the call control func- 
tions are now moved out of the legacy call control proc- 
essor 28 on to standard hardware platforms 72 (e.g., 
PCs or workstations) using standard networking 74 (e. 
g., ATM transport and switching, and TCP/IP). Existing 
voice call control, interfaces to the SS7 network, and 
perhaps billing are still used in call control processor 28 
as before, white all other functions have been migrated 
to the target architecture. These migrated functions are 
designed using standard object and message para- 
digms so that clear interfaces are defined between 
these objects enabling easy distribution over multiple 
hardware platforms 72. The ATM transport also enables 
efficient networking for user data and signaling through 
logical links 74 for all control functions over multiple 
hardware platforms 72. Thus control functions from the 
radio ports, for example, Radio Resource Management 
may be moved to the new call control 72. 

The architecture for the data DCS 46 is well suited 
for easy growth. Vocoders, the radio link protocol 56, 
interfaces to the interworking functions 62 and 64, and 
other cellular specific functions (e.g., frame selection 52 
and separator/combiner 54) can all be implemented on 
standard hardware platforms and grown to run over mul- 
tiple platforms with ATM connectivity. Using industry 
standard platforms also permits the systems to ride the 
technology curve for growth. This highlights the differ- 
ences between the cellular switch 10 and the data DCS 
46. The cellular switch 10 is a proprietary hardware plat- 
form with expensive TSI (time slot interchange) based 
circuit switching, frame based packet switched proprie- 
tary buses, and ATM interfaces with all cellular specific 
functions crowded into the switch hardware. In contrast, 
the data DCS 46 consists of an easily growable number 
of industry standard hardware platforms (e.g., PCs, 
workstations) , standard networking and software de- 
signs, industry standard buses, and underlying ATM 
switching. That is, the data DCS 46 is a loose collection 
of hardware tied together with ATM, either located in one 
place or distributed in multiple locations. The box around 



the data DCS 46 and the joint placement of the new call 
control functions 72 in Figure 4 are thus only descriptive 
in a logical sense, and do not imply physical constraints. 
In the stage three architecture, shown in Figure 5, 

5 vocoders 76 are provided in the DCS 46 which may now 
be referred to as an integrated DCS 46 because both 
voice and data calls can be processed by the DCS. 
These vocoders 76 access the PSTN via communica- 
tions link 78 and cellular switch 1 0. It would also be pos- 

io sible to access the PSTN directly by providing, for ex- 
ample, a T1 interface at DCS 46. In-band signaling is 
separated from the user data and voice at the separator/ 
combiner 54 and sent to the new call control 72 over 
ATM virtual links (e.g., via ATM switching fabric 50 and 

is ATM switch 70). 

It may also be noted that the stage one architecture 
could be migrated directly to the stage three architecture 
without the intermediate vocoder-less DCS 46 of Figure 
4. 

20 After all cellular base stations 12 have been con- 
verted to ATM connectivity, it becomes unnecessary to 
provide cellular specific functions like frame selector, 
separator and combiner, vocoder in the cellular switch 
10. Then, as shown in Figure 6, they can be removed 

25 so that the cellular switch 1 0 is reduced to a basic circuit 
switch, which may still be used to provide connectivity 
to the circuit-switched PSTN. The vocoder 76 may also 
directly access the PSTN or a public switched ATM net- 
work (PSATMN). 

30 We note that the slower rate of technology penetra- 
tion in the mature public network implies that the legacy 
switch 10 would be needed for several years after the 
introduction of the stage four architecture shown in Fig- 
ure 6, even after all cellular base stations 1 2 have been 

35 converted to ATM connectivity. 

The architecture of Figure 6 permits easy migration 
to two possible evolution paths for the public network. If 
the public network remains circuit-switched, the expen- 
sive legacy switch 1 0 can be expanded in fabric size but 

40 the expensive functions implemented with outdated 
technology are migrated out to inexpensive industry 
standard platforms. With heavy growth promised in cel- 
lular, this is an attractive path where existing switches 
can still be used while newer switches could be less ex- 

45 pensive. On the other hand, if the public network mi- 
grates to ATM, then the vocoder function could be 
moved further to the egress from the public network (far- 
end), providing efficient packet transport of cellular 
voice over the PS-ATM network. 

50 The present invention provides a tight coupling of 
the RLP, vocoder and in-band signalling handler on the 
integrated DCS which permits flexible and efficient mul- 
tiplexing of voice, data, and signaling through adaptive 
priorities (e.g., high priority signaling over user data, or 

55 retransmitted data over voice). Moreover, the ATM- 
based system architecture permits an easy migration to 
higher data rates planned for the future. 

Although the invention has been described in detail 
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with particular reference to a preferred CDMA embodi- 
ment thereof, it should be understood that the invention 
may also be practiced in a TDM A cellular system. 

Differences between CDMA and TDMA implemen- 
tation may be considered by comparing the operation of 
each for the stage four architecture. First consider a CD- 
MA communication from mobile to public network in the 
case of a voice-only call, a data-only call, and then a 
joint voice-data call. 

I n a CD MA voice-on ly cal I, frame selector 52 selects 
the best incoming frame and separator 54 separates in- 
band signaling for routing to in-band signaling block 60. 
The primary voice is routed to vocoder 76. It may be 
noted that in-band signaling block 60 indicates that the 
preferred consolidation point for in-band signaling is at 
the integrated DCS 46, though it is possible to separate 
in-band signaling at the radio ports/base stations. For a 
data-only call, frame selector 52 selects the best frame, 
separator 54 separates in-band signaling, and the pri- 
mary data is routed to RLP 56. For a joint voice<Jata 
call, frame selector 52 selects the best frame, and sep- 
arator 54 separates primary voice and secondary data 
for routing to vocoder 76 and RLP 56, respectively (in- 
stead of carrying voice and data, the packet could carry 
voice and signaling, in which case the separator would 
route signaling to block 60). 

In the TDMA case, there is no frame selector 52 or 
separator/combiner 54, although a similar control func- 
tion of extracting/inserting in-band signaling information 
is performed. The preferred consolidation point for in- 
band signaling in a TDMA system is at the base station/ 
radio port, in which case circuit or packet links 32 may 
be used to carry some of the control data between base 
station 12 and cellular switch 10 or a virtual link may be 
used between radio port 68 and DCS 46. Voice and data 
in the TDMA-based DCS are routed through ATM fabric 
50 to either the vocoder 76 or RLP 56, respectively, in 
accordance with each cell being marked with the appro- 
priate vertical circuit identifier (VCI) . 

While the invention has been described in conjunc- 
tion with preferred embodiments thereof, various modi- 
fications and substitutions can be made thereto without 
departing from the spirit and scope of the present inven- 
tion. 



Claims 

1. A cellular communication system comprising: 

a plurality of base stations that communicate 
over an air interface with a plurality of terminal 
devices; 

a cellular switch having circuit-switching fabric 
and vocoders, where said base stations are 
connected to said circuit-switching fabric by 
first communications links, and where said cir- 
cuit-switching fabric is also connected to a pub- 



lic switched telephone network (PSTN); 
a cellular call control processor, associated 
with said cellular switch, that handles a voice 
call routed through said cellular switch; 

s a data DCS having ATM fabric and radio link 

protocol processors, where said circuit-switch- 
ing fabric is connected to said ATM fabric by a 
second communications link via a converter 
that converts between the transmission format 

10 of said first communications links and ATM; 

a data call control processor, associated with 
said data DCS, that handles a data call routed 
through said data DCS and said cellular switch; 
a network interworking module that interfaces 

75 said data DCS to a communications network; 

wherein a voice call is set-up by said cellular 
call control processor so that a voice commu- 
nication path is established from one of said ter- 
minal devices to said PSTN, said voice com- 

20 munication path including said air interface, 

one or more of said base stations and first com- 
munications links, said circuit-switching fabric, 
and one of said vocoders; 
wherein a data call is set-up by said cellular call 

25 control processor and said data call control 

processor so that a data communication path 
is established from one of said terminal devices 
to said communications network, said data 
communication path including said air interface 

30 and one or more of said base stations and first 

communications links, said circuit-switching 
fabric, said converter, said ATM fabric, one of 
said radio link protocol processors, and said 
network interworking module. 

35 

2. A system as claimed in claim 1 , wherein said data 
call control processor, said network interworking 
module, and functions of said data DCS including 
said radio link protocol processors are implemented 



^0 on standard hardware platforms interconnected by 
ATM transport and switching. 

3. A cellular communication system comprising: 

45 a plurality of base stations and radio ports that 



communicate over an air interface with a plu- 
rality of terminal devices, where said radio ports 
have ATM interfaces; 

a cellular switch having circuit-switching fabric 
50 and vocoders, where said base stations are 

connected to said circuit-switching fabric by 
first communications links, and where said cir- 
cuit-switching fabric is also connected to a pub- 
lic switched telephone network (PSTN); 
55 a cellular call control processor, associated 

with said cellular switch, that handles a voice 
call routed through said cellular switch; 
a DCS having ATM fabric and radio link protocol 
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processors, where said circuit switching fabric 
is connected to said ATM fabric by a second 
communications link via a converter that con- 
verts between the transmission format of said 
first communications links and ATM, and where s 
said ATM fabric is connected to said radio ports 
by ATM virtual links; 

one or more standard hardware platforms im- 
plementing ATM transport that perform a plu- 
rality of call control functions including the han- 10 
dling of data calls from/to said base stations 
and radio ports; 

a network interworking module that interfaces 
said DCS to a communications network; 
wherein a voice call is set-up by said cellular *5 
call control processor so that a voice commu- 
nication path is established from one of said ter- 
minal devices to said PSTN, said voice com- 
munication path including said air interface, 
one or more of said base stations and first com- 20 
municatbns links, said circuit-switching fabric, 
and one of said vocoders; 
wherein a data call is set-up by said plurality of 
functions implemented on said standard hard- 
ware platforms that are interfaced to a signaling 25 
network by said cellular call control processor, 
so that a data communication path is estab- 
lished from one of said terminal devices to said 
communications network; 

wherein said data communication path invofv- so 
ing a base station includes said air interface 
and one or more of said base stations and first 
communications links, said circuit-switching 
fabric, said converter, said ATM fabric, one of 
said radio link protocol processors, and said 35 
network interworking module; 
and wherein said data communication path in- 
volving a radio port includes said air interface 
and one or more of said radio ports and ATM 
virtual links, said ATM fabric, one of said radio *o 
link protocol processors, and said network in- 
terworking module. 

A system as claimed in claim 3, wherein vocoders 
are included in said DCS, and a voice communica- 45 
tion path from a terminal device to said PSTN 
through said DCS includes said air interface and 
one or more of said radio ports and ATM virtual links, 
said ATM fabric, and one of said vocoders, whereby 
the DCS can process both voice and data calls. so 

A cellular communication system comprising: 

a plurality of radio ports that communicate over 
an air interface with a plurality of terminal de- 55 
vices, where said radio ports have ATM inter- 
faces; 

a cellular switch having circuit-switching fabric, 



where said cellular switch is connected to a 
public switched telephone network (PSTN); 
a DCS having ATM fabric, radio link protocol 
processors, and vocoders, where said vocod- 
ers are connected to said PSTN, and where 
said ATM fabric is connected to said radio ports 
by ATM virtual links; 

one or more standard hardware platforms im- 
plementing ATM transport that perform a plu- 
rality of call control functions including the han- 
dling of voice and data calls from/to said radio 
ports; 

a network interworking module that interfaces 
said DCS to a communications network; 
wherein a voice call is set-up by said plurality 
of functions implemented on said standard 
hardware platforms, so that a voice communi- 
cation path is established from said terminal de- 
vice to said PSTN, including said air interface 
and one or more of said radio ports and ATM 
virtual links, said ATM fabric, and one of said 
vocoders; 

and wherein a data call is set-up by said plural- 
ity of functions implemented on said standard 
hardware platforms, so that a data communica- 
tion path is established from said terminal de- 
vice to said communications network, including 
said air interface and one or more of said radio 
ports and ATM virtual links, said ATM fabric, 
one of said radio protocol processors, and said 
network interworking module. 

6. A system as claimed in claim 3 or 5, wherein ATM 
virtual links from said radio ports and said one or 
more standard hardware platforms performing call 
control functions, are routed to said DCS via one or 
more ATM switches. 

7. A system as claimed in claim 5, where said cellular 
system processes joint voice-data calls. 

8. A system as claimed in claim 5, wherein said voc- 
oders are also interfaced to a public switched ATM 
network (PSATMN). 

9. A system as claimed in claim 4 or 5, wherein said 
voice communication path to said PSTN is by way 
of said circuit-switching fabric. 

10. A system as claimed in claim 5, wherein one of said 
plurality of call control functions is signaling conver- 
sion for interfacing SS7 signaling from a signling 
network to the ATM-based call control functions. 
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